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Introduction
The concept of a secondary bonding interactions (SBIs) describes interactions resulting from interatomic contacts that are longer than the covalent single bonds, but shorter than the sum of van der Waals radii. [1, 2] Depending on the context, these interactions have been also called soft-soft, closed-shell, nonbonding, semi-bonding, non-covalent, weakly bonding, or σ-hole interactions. [3, 4] Formally, a secondary bond derives from a n Halogen bonding is certainly the most investigated interactions of this class, [5] [6] [7] and its importance has been recently demonstrated in different domains, ranging from materials to biological applications. [8] [9] [10] [11] [12] [13] [14] [15] [16] This type of interaction can be extended to all molecular structures, in which an electron-deficient polarizable atom is present. This includes electron-deficient chalcogen atoms, which are known to form X ...
Y-EWG SBIs in the solid state [4, [17] [18] [19] [20] and in solution. [21] Considering the experimental evidences and the theoretical studies [22] [23] [24] [25] [26] [27] , strong SBIs can be expected when descending in the chalcogen group, with the Te-derived compounds establishing the strongest interactions. [21] Among the different chalcogenide derivatives, benzo-2,1,3-telluradiazoles have certainly attracted the greatest interest due to their unique ribbon-like self-organization at the solid state ( Fig. 1a) formed through strong N ...
Te SBIs (2.682(7)-2.720(7) Å). [4, [28] [29] [30] [31] Although of great potential, these molecular systems have remained confined to the fundamental research due to their thermal instability and aptitude to undergo hydrolysis under ambient conditions. On the other hands, 2-substituted benzo-1,3-tellurazoles have been only marginally studied for preparing self-organized functional materials although more chemically inert that their parent benzo-2,1,3-chalcogenadiazoles. It is only in the late eighties, [32] that the first and only X-Ray structure of a 2-sustituted benzo-1,3-tellurazole was described. In the solid state, the molecule organizes into wires held by intermolecular N ...
Te contacts (Fig. 1b) . [32] A similar wire-like organization was also recently reported by us with a phosphorescent 2-subtituted ethynyl-benzotellurazole. [33] Given these premises and considering the ease of tuning their SBIs, we used electrostatic surface potentials (ESP). As described recently by Taylor and co-workers, [21] it is well accepted that an estimation of the ability to make X ...
Y SBIs
can be obtained considering the magnitude of V s,max at X and Y atoms (i.e., the value of the electrostatic potential at the point of the highest charge for both donor and acceptor atoms), [21] [22] [23] [24] [25] [26] [27] although the chalcogen bonding interactions cannot be considered as purely electrostatic interactions. [34] [35] [36] [37] [38] Calculations have been firstly performed on non-substituted benzo-1,3-chalcogenazoles using Gaussian 09 including the D01 revision, with the B97-D3/Def2-TZVP level of theory. [21] After geometry optimization, the ESPs were mapped on the van-derWaals surface of each molecule up to an electron density of 0.001 electron . bohr -³. V s,max were determined with a classical method. [39] As previously observed for benzo-2,1,3-chalcogenadiazoles, [21] two electron deficient regions (σ-holes) (Fig. 2a) . To distinguish the σ-holes, the following terminology will be used throughout this manuscript: σ-hole(α) and σ-hole(β) for describing positive electrostatic regions on the chalcogen atom exposed on the side of the 4-and 2-positions, respectively (Fig. 2a) . The calculated V s,max values for benzo-1,3-selenazole are +18.8 and +23.0 kCal mol -1 for the α and β σ-holes, respectively (Fig. 2) . Similar values were also obtained for benzo-1,3-tellurazole, +21.3 and +24.5 kCal mol , for the Se and Te derivatives, respectively), making it the strongest basic site and thus a privileged acceptor atom for establishing a chalcogen bonding interaction. This behavior has been confirmed with 2-phenyl benzo-1,3-tellurazole at the solid state. [32] On the other hand, 
benzoselenazoles and tellurazoles derivatives by cyclization of 2-chalcogenoanilides with POCl 3 (Route a). [40] Scheme 1. The different synthetic approaches toward the preparation of 2-functionalized benzoselenazole derivatives starting from: a) 2-selenoanilides (R 1 = Me or aryl; R 2 = Me or Et), [40] b) bis(2-aminophenyl)diselenide (R 1 = alkyl or aryl), [44, 45] c) 2-iodoanilides (R 1 = alkyl, aryl or heteroaryl) and [47] d) 2-iodoaniline (R 1 = aryl or heteroaryl). [48] Nevertheless, the extremely low yield (~1%, over the four steps synthesis), the use of extremely evil-smelling and toxic reagents (e.g., Et 2 Te 2 ), the low chemical versatility, and contradictory reports about reproducibility issues, [41] limited the scope of the original protocol. Following reports by Minkin and co-workers, they showed that 2-methyl and 2-phenyl substituted benzotellurazoles could be obtained by cyclization of 2-telluroanilides in neat POCl 3 with improved yields. [42, 43] However, the harsh acidic conditions severely narrow the compatibility of the protocol to a limited family of substrates. Recently, two new synthetic routes toward the preparation of alkyl-, aryland heteroaryl-substituted derivatives have been developed: routes b) and d). In route b, [44] [45] [46] bis(2-aminophenyl)diselenide is reacted with a carbonyl derivative in the presence of a reducing agent, while the second approach exploits Woollins' reagent and 2-iodoanilides (Route c). [47] Finally, a copper-catalyzed three-component onepot synthesis, limited to the case of aryl and heteroaryl derivatives, has been described very recently (Route d). [48] In the case of the benzotellurazoles analogues, the synthetic protocols are scarcer. [40] [41] [42] [43] [49] [50] [51] To the best of our knowledge, the developed methods to date (Scheme 2) are limited to the preparation of 2-substituted alkyl and aryl derivatives. This exploits the dehydrative cyclization of 2-telluroanilides with either phosphorus oxychloride, [40, 42, 43, 49] phosphorus trichloride [41] or hypophosphorus acid, [50, 51] with the latter conditions only compatible for the synthesis of alkyl and aryl 2-substituted derivatives.
Scheme 2. Synthetic approach for the preparation of 2-functionalized benzotellurazole derivatives (R 1 = alkyl or aryl).
[ [40] [41] [42] [43] [49] [50] [51] Inspired by the synthetic route developed by Christiaens and co-workers, [40] we focus our attention on the dehydrative cyclization reaction to prepare the targeted 2-substituted chalcogenazole derivatives. Starting from o-methylseleno-1 Se
and o-methyltelluro-aniline 1 Te , prepared in two steps from 2-bromoaniline, [33] we have synthesized a series of selenoanilides (2 Se -10 Se ) and telluroanilides (2 Te -10 Te ) with very good yields ( Recently, the same protocol allowed us to prepare 2-ethynyl benzo-1,3-chalcogenazoles and bisbenzo-1,3-chalcogenazoles. [33] To further show the synthetic versatility of the approach, the preparation of trisbenzo-1,3-selenazole ) unstructured band (except for 13 Te -15 Te , where it appears as a shoulder) that is absent in the absorption profiles of the congener benzoselenazoles. [33] This can be attributed to the presence of the Te atom, that most likely promotes additional 1 n → π* electronic transition. [54] [55] [56] Luminescence studies of air-equilibrated solutions of Programmed supramolecular organization at the solid state. In this section we will describe the solid-state arrangement of those benzo-1,3-chalcogenazoles that formed crystals suitable for X-ray diffraction ( Fig. 7-12 ). In general, all the C-Se, C-Te and N-C bonds belonging to the 1,3-chalcogenazole cores do not significantly differ between the different molecules bearing the same chalcogen atom. This suggests that the crystal organization does not alter the covalent molecular skeleton. The recognition at the solidstate is discussed considering the molecular conformation (Table 4 ) and the calculated electrostatic surface potentials (ESP) displayed in the Supporting Information (Table S14) . As general principle, one can be anticipated that the σ-hole displaying the highest positive V s,max value (Table 5 ) will be preferentially engaged in the SBI with the functional group bearing the most negative heteroatom. [21, 57, 58] Steric control of the σ-hole recognition. As anticipated in the introductory section, this work was inspired by the solid-state organization of 2-phenyl-benzotellurazole 12 Te (Fig.   7b ), [32] in which supramolecular wires are formed through Colorless crystals of Se analogue 12 Se could also be easily obtained from slow evaporation of a CHCl 3 solution (Fig. 7a) .
As far as it concerns the chalcogenazole heterocycle, molecule It is clear that for this molecular series, the adopted conformation (conformation A, Table 4 Table   5 ) between the furanyl O atom and the chalcogen σ-hole(β). As visualized in Table S14 (see SI) (Fig. 9) . Although the resolutions of the X-ray structures is slightly inferior if compared to those of other derivatives, the data clearly display that both molecules adopt a flat conformation A (Table   4) Table 5 and Table S14 (Fig.   12a ). 
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